Abstract. Characterization of the Advanced Photon Source storage ring particle beams includes transverse and longitudinal profile measurements using synchrotron radiation-based techniques. Both optical (OSR) and x-ray synchrotron radiation (XSR) stations are now installed. Spatial resolution of about Q = 55 pm was obtained at low current in the visible field initially. This is expected to improve during its commissioning. Wlvisible light from the storage ring bending magnet was employed to measure the particle beam with a resolution of Q -80 pm and allow operation at 100 mA with the initial x-ray pinhole setup. Early OSR measurements of beam size are consistent with 8.2 nmrad emimnce and 2-3% vertical coupling. Early results with the x-ray pinhole camera are also presented.
INTRODUCTION
The 7-GeV storage ring at the Advanced Photon Source ( A P S ) began commissioning in early 1995. Measurements of the transverse sizes and the bunch length of the stored beam provide important information in characterizing transverse and longitudinal emittance, respectively. Imaging techniques with optical synchrotron radiation were used first due to their simplicity. But OSR spatial resolution is limited mostly due to the diffraction of the synchrotron light beam and depth of the source (Table 1) . The optimum resolution is given approximately by 0 = (pX') when the full acceptance angle of the imaging system is around ~= ( R l p ) "~, where ~3 9 . 8 m is the radius of the particle 113 trajectory. It is evident that the resolution of the optical imaging system will not be adequate for the low emittance (low vertical coupling) mode of operation, and imaging with shorter wavelength radiation is needed. In this report we discuss the design and characterization of the APS UV/visible and x-ray pinhole camera beamlines and present initial results obtained from their operation.
UVMSIBLE BEAMLINE RESULT
The design details of the Wlvisible beamline have been reported elsewhere (1,2). Its main challenge is diffraction-limited imaging (angular resolution -2 p a d ) under high power load. The light transport uses a spherical imaging mirror as the only imaging element to avoid chromatic aberrations. This feature allows convenient alignment and calibration and high transport efficiency which allowed streak and CCD cameras to operate at low beam current. A CCD camera (1/2" format) was placed at the focal point of the mirror to read out the beam image.
Another critical component is the first mirror which, by virtue of high angle reflection, separates the UV/visible radiation from higher energy (x-ray) photons.
To achieve 1 p a d or less wavefront distortion, the mirror needs to maintain rms flatness to within 60 nm, and the rms temperature difference over the entire mirror surface to less than 1°C. A molybdenum mirror mounted on a water-cooled copper plate was used in the commissioning stage with satisfactory results for stored beam current up to 20 mA. At higher current, we used a water-cooled slotted mirror which allows the high power x-ray beam to pass through and only intercept UVhisible beams at high angles from the orbit plane (2). Unfortunately it distorted slightly under the waterhawurn differential pressure due to a manufacturing defect and could not meet our specifications. An alternative solution, using a tube absorber in front of the pick-up mirror to shield it from the high-power x-ray beam, is currently under development.
Due to its limited spatial resolution, our OSR station is mainly used for streak camera measurements of beam bunch length and longitudinal dynamics since the setup of the x-ray pinhole camera. Figure 1 shows a typical dual sweep streak camera image taken with the Mo-mirror at low current (7 mA single bunch). The vertical scan is driven by a synchroscan unit operating at 117.3 MHz. Since the frequency is one-third of that of the storage ring rf frequency, the streak camera acquires the bunch data every three buckets. Figure 2 shows dual sweep images with different horizontal time scale and signatures of phase oscillations at 40 kHz and 360 Hz, which are likely due to output ripples of the rf power amplifier power supply. The amplitude of these signatures is checked periodically such that any abnormal conditions of the rf system should be spotted early. In the mn dated 8-19-95, a significant bunch lengthening (slope change) was observed before the maximum bucket charge was reached, indicating the onset of a longitudinal instability at high bunch current. It can also be seen that the measured values are well within the APS design goal of a 100-ps bunch length at 5-mA single bunch current. 
APS SINGLE BUNCH LENGTH

X-RAY PINHOLE BEAMLINE
The initial setup of the pinhole camera is entirely inside the storage ring tunnel and is shown in Fig. 4. It is similar to those used elsewhere (3,4) . The design parameters are given in Table 2 . The magnification of the pinhole camera is
Wedge Absorber Figure 4 Experimental setup of the x-ray pinhole camera. A typical pinhole image is shown in Fig. 5 . The beam profile fits well with Gaussian form and the profile widths are 157 pm horizontally and 115 pm vertically. These values are consistent with the design goal of the APS storage ring with 8.2 nmarad emittance and 10% vertical coupling. However while the horizontal width is the same as measured with OSR imaging, the vertical size is significantly higher than that measured with OSR or with an x-ray pinhole camera with higher magnification (4).
